Strains of Bacteroides gingivalis were compared for the presence of properties associated with pathogenicity. Some strains were infectious in pure culture in an in vivo model (guinea pig), and all but one of these were more collagenolytic than those which failed to cause lesions in guinea pigs. However, other factors seem to be necessary for the induction of an infection in this animal model.
Gram-negative anaerobic bacteria may play an important role in the development of periodontal diseases. Bacteroides gingivalis has been associated with adult chronic periodontitis (21, 22) . Several studies have described the role this species plays in various types of experimental infections (4, 9, 17) . Indeed, the inclusion of B. gingivalis in several different mixed-culture inocula resulted in the development of necrotic lesions, organisms from which were transmissible. In contrast, omission of B. gingivalis from the mixedculture inoculum failed to induce lesions. On the other hand, a limited number of B. gingivalis strains have been pathogenic when injected into guinea pigs or mice in pure culture (6, 18) . The pathogenic potential of this species may result from the presence of a variety of virulence factors (16) . The goal of our study was to determine whether it was possible to detect differences among some putative virulence factors diversely exhibited by B. gingivalis strains.
A total of 14 and 100 ,uI of cysteine (5 mM in buffer). The assays were done in microtubes incubated at 37 or 25°C. To limit the action of nonspecific proteases on the labeled collagen, the incubation period was limited to 2 h (8). At the end of the incubation period, 100 ,uI of the assay mixture was transferred to a second microtube containing 50 puI of HCl (2 N) and 50 pul of phosphotungstic acid (0.04 N). The microtubes were agitated with a vortex mixer and left at room temperature for 10 min before centrifugation. The supernatant (100 ptI) was counted by liquid scintillation spectrometry. Nonspecific protease activity found in culture supernatants (4-day culture) was determined by measuring activity against Azocoll (Sigma Chemical Co.) as already described (9) . The stability of the nonspecific proteolytic activity associated with the supernatant was evaluated by using a 13-day culture or by heating at 55°C for 30 min (7) .
The cytotoxic activity of B. gingivalis culture supernatants was measured against Vero cells (5) . The eucaryotic cells were grown for 2 days, and the medium was replaced by bacterial filtrates which had their pH adjusted to 7.2. The plates were incubated for 2 days in air containing 5% C02 at 37°C and 98% humidity. After the incubation period, the liquid was decanted, and the Vero cells were fixed with methanol and subsequently stained with 10% Giemsa. Cytotoxic activity of culture supernatants was also measured against guinea pig leukocytes by the methods described by Gadeberg and 0rskov (2) . Polyacrylamide gel electrophoresis of soluble proteins was done by the methods and procedures described by Moore et al. (11) ; this technique allows the detection of only major differences between the bacterial strains.
Virulence assays showed that 6 of 14 strains (W83, BH18/10, 22B4, RB46D-1, RB24M-2, and RB22D-1) were pathogenic in pure culture (Table 2) . Att the infections were transmissible to a second animal. The minimum number of viable bacteria required to cause the infections ranged from 4 x 108 to 7 x 109/ml ( for example, was injected at a concentration which was 200 times greater than that of strain BH18/10 without detectable effect.
The relative collagenolytic and proteolytic activities of all strains are also shown in Table 2 . Except for 22B4, the pathogenic strains had a higher collagenolytic activity than the nonvirulent strains. The nonspecific proteolytic activity of certain avirulent strains was also higher than that found for the pathogenic strains, but no correlation could be established between protease activity and infectivity. In contrast with the results obtained for Bacteroides nodosus (7), it was impossible to distinguish the pathogenic strains from the nonpathogenic strains of B. gingivalis in terms of the stability of the proteolytic enzymes. Cytotoxicity experiments revealed that all B. gingivalis strains had the same effect on Vero cells. The affected cells exhibited long filamentous tendrils and a thickening of the cellular membranes. In extreme cases, the cells were rounded and often free in the medium. On the other hand, culture supernatants of all Nutritional studies revealed no perfect correlation between the requirement for hemin or vitamin K1 and virulence. The requirement for vitamin K1 differs within the species B. gingivalis. The growth of pathogenic strain W83 was independent of the presence of vitamin K1. Strain W50, used in the study of McKee et al. (10) , is also infective in pure culture and does not require vitamin K1. Analysis of polyacrylamide (8.5%) gel electrophoresis patterns indicated that, except for minor variations in the median section of the gel, the protein profiles were similar. No correlation for the presence of bands and the ability to cause monoinfection in the guinea pig could be established.
B. gingivalis is frequently isolated from patients with advanced chronic periodontitis. It seems that the pathogenicity of this species varies from strain to strain. In fact, some strains can infect an animal model when injected in pure culture, whereas other B. gingivalis strains require the presence of helper species to produce an infection. In this study, several strains were highly infectious upon pureculture inoculation. The pathogenicity of these strains was not related to the source of isolation, because some virulent strains have been isolated from infected sites and some have been isolated from healthy periodontal sites. We also found that the strains from different sites of the same subject were similar with respect to virulence, as well as vitamin K1 requirement. These observations are in accordance with the study of Notten et al. (13) . Their findings indicated that in the mouth of an individual, one B. gingivalis antibiotype predominates and that different patients harbor different B. gingivalis antibiotypes.
The number of in vitro transfers did not seem to influence the pathogenicity of strains, suggesting the stability of the virulence factor(s). Kastelein et al. (6) have already demonstrated the pathogenicity of strain W83 in guinea pigs. Our results confirm theirs in that it took at least 109 CFU/ml to infect the animal. Strain BH18/10, which has already been shown to exhibit a large quantity of extracellular polysaccharide material (G. H. Bowden and A. H. Holthuis, J. Dent. Res. 62:179, abstr. no. 89, 1983), and the freshly isolated RB46D-1 and RB22D-1 were the three strains which produced infection with the lowest number of CFU per milliliter.
The virulence of certain microorganisms can be related to their proteolytic activity; for example, Entamoeba histolytica (12) and Aeromonas salmonicida (14) . The importance of proteolytic activity in black-pigmented Bacteroides species was recently emphasized. van Steenbergen and de Graaff (19) , using different species, concluded that organisms which had the lowest proteolytic activity were also the least virulent in an animal model, whereas B. gingivalis (highest proteolytic activity) was the most virulent of blackpigmented Bacteroides species. Another study (M. E. Neiders, P. Chen, H. S. Reynolds, H. Suido, J. J. Zambon, and R. J. Genco, J. Dent. Res 
